Objective: To estimate the prevalence of hyperemesis gravidarum (HG) in women living in Norway by their country of birth, and explore whether the variations in the occurrence of HG could be explained by the differences in maternal sociodemographic factors. Design: This was a cross-sectional study. Methods: All primiparous women registered in the Medical Birth Registry of Norway (MBRN) from 1967 through June 2005 (N5900,074) comprised the sample. Data on HG, age, plurality and sex of the fetus were obtained from the MBRN and linked to the data on country of birth and maternal education obtained from Statistics Norway. Independent associations between country of birth and HG were studied by multiple logistic regression with and without adjustment for potential confounders. Results: The overall prevalence of HG in primiparous women in Norway during the study period was 0.89% (95% confidence interval (CI) 0.88-0.92). Women born in Western Europe had the lowest prevalence of HG (0.8%), whereas those born in India and Sri Lanka had the highest (3.2%). Women born in Africa (except North Africa) and India or Sri Lanka were 3.4 (95% CI 2.7-3.5) and 3.3 (95% CI 2.6-3.4) times more likely to develop HG than women born in Norway, after adjustment for potential confounders. Conclusions: Substantial variations in the prevalence of HG in Norway by country of birth cannot be explained by the differences in maternal sociodemographic factors.
Introduction
Hyperemesis gravidarum (HG) is defined as intractable nausea and vomiting starting before the 22nd week of gestation, accompanied by weight loss, fluid deficiency, electrolyte disturbances and nutritional deficits [1] . Although nausea and vomiting may occur in as many as 90% of pregnancies, HG represents a more severe condition and is potentially lethal if left untreated [2] . HG is one of the leading causes of hospitalization in pregnancy in the USA, representing a substantial economic burden for the healthcare system [3] .
Considerable variations in the occurrence of HG, both between and within countries, have been reported. According to Eliakim, the prevalence of HG varies between 0.3% and 2% [4] . However, in Kuwait, the prevalence of HG was reported to be as high as 4.5% [5] . Being non-white was associated with a higher probability of developing HG in the USA [6] . In New Zealand, the incidence of HG among the Pacific Islanders was significantly higher than in women of European descent [7] . In a small study from Norway, having a non-Norwegian name was associated with an increased risk of HG [8] . In Israel, Bedouin women have a lower proportion of pregnancies complicated by HG than the Jewish population [9] . However, differences between the studies in the methods of data ascertainment, classification of ethnic backgrounds and definitions of HG complicate comparison between the studies. Moreover, it is also unknown which underlying factors may explain ethnic and geographical variations in the occurrence of HG.
Information on the prevalence of HG in Europe and variations between ethnic groups in European countries is scarce. Two Swedish studies from 1987 and 1999 found the prevalence of HG to be 0.3% and 0.8%, respectively [10, 11] . The occurrence of HG has been reported to be 0.8% in Denmark [12] .
The aetiology of HG is unknown. Only a few epidemiological studies on HG have been published. Women with HG were more likely to be unmarried in the USA, while primiparity, multiple gestation and female sex of the fetus were positively associated with HG in Sweden [10, 13] . Both studies found young maternal age to be a risk factor for developing HG.
Women immigrating to Europe from African and Asian countries have more children, have a lower age at the first birth, and often belong to less privileged social strata than European women [14] . However, to the best of our knowledge, no studies have reported whether these factors could explain the existing variations in the prevalence of HG between ethnic groups.
Statistics Norway collects data on country of birth for all residents of the country. The Medical Birth Registry of Norway (MBRN) contains data on all births from 1967 onwards, including information on pregnancy complications. Together, the two registries provide a unique opportunity to study the prevalence of HG in relation to country of birth using a standard definition of HG.
The aim of the study was to estimate the prevalence of HG in women living in Norway by their country of birth. Furthermore, we explored whether the variations in the occurrence of HG could be explained by differences in maternal sociodemographic factors between women with different ethnic backgrounds.
Material and methods

Sample
The study sample consisted of all primiparous women, i.e. women with no previous deliveries, in Norway registered in the MBRN in 1967 through the first half of 2005. Notification to the MBRN is compulsory, and is provided by midwives and physicians attending the birth completing a standardized form. The mothers unique identification number was used to link data on pregnancies to data on maternal country of birth and education as registered by the Statistics Norway. Given that missing data on maternal age, parity, plurality, marital status or sex of the fetus might reflect a low validity of HG registration, these pregnancies were excluded. The remaining sample included 900,074 pregnancies, or 99% of the pregnancies registered by the MBRN for the study period.
Variables
The data on HG were obtained from the MBRN (ICD-8 codes 638.0, 638.9, and 784. 1, and ICD-10 codes O21.0, O21.1, and O21.9). Country of birth was obtained from Statistics Norway and categorized into immigrant groups that were geographically and culturally related. Altogether, 15 categories were used: Maternal educational level was recorded according to the Norwegian Standard Classification and classified into three categories: (9 years, 10-12 years and 12 or more years of education. Marital status was categorized into four groups: married, cohabiting, single, and a single category including divorced, separated and widowed, due to the small numbers in each of these. Maternal age at delivery was classified into four categories: v20 years, 20-24 years, 25-29 years, 30-34 years, and 35 years or older. By plurality, pregnancies were classified as singleton or plural. In addition, given that the time of migration to Norway by country of origin differed across the study period, the year of delivery was categorized in decades: 1967-76, 1977-86, 1987-96, and 1997-2005 .
Analyses
Confidence intervals (CIs) for the prevalence of HG were calculated on the assumption of a binomial distribution. Bivariate associations between country of birth and potential confounders were studied by chi-square tests. Independent associations between country of birth and risk of developing HG were explored using multiple logistic regression with and without adjustment for potential confounders. Crude and adjusted odds ratios (ORs) with 95% CIs were calculated. Norway as country of birth, age below 20 years, singleton pregnancy, male sex of the fetus, education below 9 years, married status and birth between 1967 and 1976 were used as reference categories. All analyses were performed using SPSS, version 12.0 (SPSS Inc., Chicago, IL, USA).
Results
Altogether, 900,074 pregnancies were included in the sample. Their distribution by country of birth and sociodemographic characteristics of the mothers are presented in Table I . Women born in Western Europe were the largest immigrant group, constituting 2.6% of all pregnancies during the study period, followed by women born in Eastern Europe, South East Asia, North America, Pakistan, and India and Sri Lanka.
Considerable variations in all maternal characteristics by country of birth were observed, suggesting that these factors may be confounders for the associations between country of birth and HG (Table II) . While women born in Turkey, Norway and Central and South America included the highest percentage of mothers younger than 20 years, women born in Eastern Europe, Iran, Central and South America and South East Asia included the highest percentage of mothers who were 35 years or older. Education was missing for a substantial proportion of the women born outside Norway. Almost all (99%) of the women born in Pakistan were married. This was the case for 58% of those born in Norway and 61% of those born in the Far East. Periods of time reflect when the different groups immigrated to Norway, and show that the majority immigrated after 1987.
Altogether, there were 8,296 cases of HG registered in the MBRN during the study period, resulting in an overall prevalence of 0.89% (95% CI 0.88-0.92). The highest prevalence of HG was observed in women born in India and Sri Lanka and on the African continent, except the North African countries (Table III) . Bivariate analyses showed that women born in Norway and North America had similar prevalences of HG. Those born in Western Europe had a lower prevalence of HG than women born in Norway. Except for women born in Eastern Europe, those born in all other countries had a significantly higher occurrence of HG. Moreover, maternal age, education, marital status, plurality, sex of the fetus and year of delivery were all significantly associated with HG.
Adjustment for potential confounders did not change the associations between the country of birth and HG. Moreover, country of birth was the most influential factor in the multivariable model. Women born in India and Sri Lanka and Africa, except the North African countries, had a significantly higher prevalence of HG than any other women in the sample. Multiple pregnancies and female sex of the fetus were associated with a higher risk of having HG. Single and cohabiting women had a lower risk for developing HG compared to married women. Women aged 20-24 years were more likely to develop HG than teenage mothers. Further increase in age was associated with a decrease in the prevalence of HG, although this did not reach the level of statistical significance. An inverse association between maternal education and HG was also observed. All crude and adjusted ORs with 95% CIs are presented in Table III .
Discussion
To our knowledge, this is the largest study aiming to estimate the prevalence of HG by maternal country of birth. Furthermore, we explored whether the observed variations could be explained by maternal sociodemographic factors. The main finding of the study is a substantial variation in the prevalence of HG in Norway related to the mother's country of birth, which cannot be explained by the differences in maternal sociodemographic characteristics examined in this study. Large sample size, a low number of missing values and use of data based on nationwide registers of both HG and country of birth are the main strengths of the study. Statistics Norway routinely registers the data on country of birth for all immigrant women at the time of immigration to Norway. The data on country of birth were chosen for this study because they are less ambiguous and therefore have higher validity than self-reported information on ethnicity.
Registration of all births from the 16th gestational week in 1967-2001 and from the 12th week in 2002-2005 is compulsory, ensuring that the sample represents all pregnancies resulting in births in Norway. However, the validity of the data on early pregnancy complications, including HG, has not been studied. In spite of the fact that all diagnoses of HG were obtained from one source, it is unknown whether women born in Africa, Asia and Central and South America are more easily diagnosed with HG than women born in Norway, Europe or North America. Bacak et al. found that in the USA, African-Americans were more likely to be hospitalized for antenatal complications, including nausea and vomiting [3] . Preliminary results from the ongoing population-based Norwegian Mother and Child study suggest that the prevalence of selfreported HG was 1.3% in 1999-2003, which is higher than our overall estimates [15] . Variations in registration routines between geographic areas with different proportions of immigrant women might confound the results of the study. However, additional adjustment for county did not change the associations between maternal country of birth and HG. To test the validity of the registration of HG in the MBRN, we carried out a pilot study in which we selected all cases registered with HG (n553) during four 3-month periods from 1970 to 2002, and randomly selected pregnancies without HG (n5502) for the corresponding periods. Then we compared the data obtained from the MBRN to the records in the medical files of these women at the hospitals where they gave birth and normally would have been hospitalized in case of HG. Women born in Norway and those born in countries with a high prevalence of HG comprised two separate groups. The overall accuracy of the registration in both groups was 92%. However, while in the Norwegianborn women, sensitivity and specificity were 50% and 92%, respectively, the corresponding numbers for women in the other group were 67% and 98%. These findings suggest that the registration of HG in the MBRN for women with non-European backgrounds may be more valid than for Norwegian women, although the small sample in the pilot validity study does not allow firm conclusions to be drawn.
Previous studies have addressed ethnic variations in nausea and vomiting during pregnancy (NVP) and HG in different countries. However, given that the relationship between NVP and HG is unclear, the findings of this study are not directly comparable with those of the studies on NVP [16, 17] . Having studied 56,000 pregnancies in the USA in 1959-66, Klebanoff reported that NVP was associated with the first pregnancy, younger maternal age, being black, having education less than 12 years, being non-smokers, and having a pre-pregnancy weight above 77 kg [16] . In a study of 1,771 South African women, the frequency of severe nausea ranged from 3.8% in rural blacks to 19.8% in whites, and that of severe vomiting ranged from 3.1% in rural blacks to 17.8% in white and Indian women [17] . Bailit studied 520,729 births in California in 1999, and reported that the women admitted with HG to hospitals were more likely to be non-white, although this may indicate selective hospitalization rather than differences in the prevalence of HG [13] .
Why, in this study, women born in India and Sri Lanka and most of the African continent have the highest prevalence of HG is unknown. Among the African women, those born in Somalia, Eritrea and Ethiopia constituted 51.4%. There are no data available to test whether immigrant women have the same risk of developing HG as women in their countries of birth. Future research might reveal if and how migration is influencing the prevalence of HG in different ethnic groups. It is known that the first generation of immigrants has a pattern of diseases similar to that in their country of origin, while subsequent generations have a pattern more similar to that of the country of residence [18] .
Dietary patterns vary by ethnicity and are influenced by migration. A study from Boston showed that high intake of total fat prior to the index pregnancy was associated with an increased risk of developing HG [19] . Whether immigration to Norway leads to an increase in fat intake is unknown, and thus might be a potential explanatory factor for further research. Furthermore, women born in India and most of Africa might have been exposed to malnutrion and infections before coming to Norway [20, 21] . Malnutrition has been described in relation to HG as a consequence of the disease, not as a cause [22, 23] . It is well known that malnutrition affects the immune system and increases the risk of infection [24] . Whether concomitant infections contribute to the development of HG is not clearly established. An association between HG and Helicobacter pylori (HP) infection has been described, but the studies have shown conflicting results [25] [26] [27] . The prevalence of HP infection varies between developing and developed countries and by socioeconomic factors within countries [28] . How the variation in prevalence of HP infection across countries might influence variations in HG has not been studied.
Women having a higher risk of HG in Norway generally come from countries where consanguinity is common. Moreover, it is known that consanguinity is much more frequent among Asian and African immigrants to Europe than among European women [29] . Given that consanguineous marriages increase the risk of autosomal recessive disorders, consanguinity might be another potential factor for further research.
In our study population, we found HG to be associated with maternal age 20-24 years, multiple gestations, female sex of the fetus, and being married. That HG is less prevalent among single women contradicts an earlier epidemiological study [13] . Furthermore, the association between maternal education and HG should be interpreted with caution, given the high proportion of women with unknown education among those born abroad. Separate analysis in Norwegian-born women suggests that there is no difference in the occurrence of HG by educational attainment.
The most notable finding in our study is that the variations in the prevalence of HG in Norway by country of birth cannot be explained by the differences in sociodemographic factors between the groups. This warrants future research, which should address biological factors as an explanation for the differences in HG occurrence. Increased risk of recurrence of HG in subsequent pregnancies suggests involvement of genetic factors in the aetiology of the disease.
To summarize, the overall prevalence of HG in Norway in 1967-2005 was 0.9%, with substantial variations by maternal country of birth that cannot be explained by the differences in maternal sociodemographic characteristics examined in this study. The results should be interpreted with caution, given the potential limitations of the study. Further research should address biological factors such as infections, other concomitant diseases, genetic predisposition or dietary patterns as explanatory factors for the ethnic variations in HG.
